UWB THz plasmonic microstrip antenna based on graphene by Abdulnabi, Hussein A. et al.
TELKOMNIKA Telecommunication, Computing, Electronics and Control 
Vol. 18, No. 1, February 2020, pp. 30~36 
ISSN: 1693-6930, accredited First Grade by Kemenristekdikti, Decree No: 21/E/KPT/2018 
DOI: 10.12928/TELKOMNIKA.v18i1.13153  30 
  
Journal homepage: http://journal.uad.ac.id/index.php/TELKOMNIKA 
UWB THz plasmonic microstrip antenna based on graphene 
 
 
Hussein A. Abdulnabi, Mushreq Abdulhussain Shuriji, Sadiq Ahmed 
Department of Electrical Engineering, AL-Mustansiriyah University, Iraq 
 
 
Article Info  ABSTRACT 
Article history: 
Received May 18, 2019 
Revised Jul 6, 2019 
Accepted Jul 18, 2019 
 
 This paper proposes design and investigates of graphene based plasmonic 
microstrip antenna for terahertz high speed communication and application 
systems 0.1-20 THz. The proposed antenna structure composed of graphene-
based rectangular patch and transmission line mounted on  
a grounded silicone dioxide substrate. SPP (Surface Plasmon Polariton) 
waves that appear in graphene at THz band is analyzed. The proposed 
antenna simulation was done by using numerical method CST program.  
The simulation results show the scattering parameter S11 less than -10 dB at 
frequency band (0.1-20) THz. Also, the presented antenna system has a good 
gain along the frequency band. 
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1. INTRODUCTION 
 Fully used of microwave spectrum in gigahertz by the wireless communication system and  
the requirement for higher bandwidth and higher bit rate in modern communication systems, lead  
the researcher to discover new and unused frequency spectrum. The researcher discover terahertz frequency 
band. The antenna is the major part of any wireless communication systems, so this paper proposed design of 
UWB antenna in terahertz band. 
Graphene is the simplest one atom thickness material which has drawn very high interest in last 
decade because of its unique characteristic. Graphene is used in wide range of applications including 
mechanical, thermal, optical and electrical applications, [1-3]. Also, the graphene can be used in fabrication 
of high-speed field effect transistor [4] or Schottky diode [5]. The graphene plasmonic behavior can be used 
to miniaturization process for the antennas and other applications. The applied electrical potential is changed 
to tune the graphene’s chemical potential which leads to change in the surface conductivity of  
the graphene [6, 7], thus numerous graphene based-devices like waveguides, absorbers, antennas, and 
polarizer's, filters have been designed for the bands microwave, terahertz and optical regimes [8-13]. 
 Graphene can be defined by its surface conductivity σ (ω, 𝛍c, τ, T) which has very significant effect 
in SPP utilized in nano-antennas, nano-microwave components, etc. surface conductivity depends on some 
parameters which tuned of σ to get a tunable resonance frequency. These parameters are temperature T, 
frequency ω, chemical potential 𝛍c which is depend on the doping of the chemical carrier density and electric 
bias voltage) and relaxation time τ. These parameters result to a variable surface conductivity. Graphene can 
be used in low THz zone to support surface plasmon polariton fields. 
 Surface plasmon polaritons (SPPs) can be specified as electromagnetic (EM) waves. SPPs propagate 
along the interface of the dielectric-metal with an exponentially dropping field in two sides. SPPs are one of 
the most important promising modern techniques to overcome the conventional diffraction limitation of  
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the optical devices and miniaturized devices [7, 8]. Hence, different plasmonic devices are suggested and 
investigated, such as antennas, filters for terahertz systems. 
Graphene supports SPP waves at much lower frequencies in THz band in comparison with gold or 
silver [14-16]. SPP wave appeared in the noble metals at near infrared and visible frequency in the radio 
frequency spectrum. SPP waves are coupled to the surface electric charges particles at the limit between a 
noble metal (gold or silver) and the dielectric substrate [17, 18]. The graphene can be used as artificial 
magnetic conductor (AMC) [19-21] or radiating patch [22-25] in the design of antennas. 
 The spectrum of terahertz waves is from about 0.1 THz to 10 THz which locate between microwave 
and infrared (IR) Spectra, and it has the same some characteristics with each of these bands. Like IR and 
microwave radiations, terahertz radiation propagates in a line of sight mode and is non-ionizing. THz waves 
are transparent to a large amount of non-conducting materials. Like microwave radiation, terahertz beam can 
transmit through several materials such as: cloths, cardboard, masonry, paper, wood, plastic and ceramics 
materials. The penetration depth is less than that of microwave radiation. Terahertz wave has limited 
penetration the clouds and fog and not penetrate water and metal. Terahertz antennas have many applications 
in recent years. Some applications are: terahertz pulsed imaging (TPI), pharmaceutical industries, molecular 
structure, in dermatology, medical imaging, oral healthcare, and high-speed indoor communication.  
In this paper, we propose and analyze graphene-based plasmonic antenna with SPP wave behavior 
in THz band. The graphene is studied in section 2. In section 3 presents design of plasmonic graphene-based 
antenna. Simulation results are discussion are present in section 4. 
 
 
2. GRAPHENE CONDUCTIVITY 
As a 2D, the graphene configuration is two-dimensional structure has fantastic electrical 
characteristic due to its thickness is one atom only. The single-layer graphene surface conductivity is 
depending on its properties such as chemical potential, frequency, and relaxation time. Graphene material 
properties is dispersive and its value tuned by the changing the frequency and other factors. The one atom 
thickness of the graphene equivalent to a two-sided surface described by a surface conductivity,  
σ (𝝎, 𝛍c, 𝛤, T) that is described by Kubo Forma [12]. It contains two parts inter-band and intra-band and  
the intra-band dominates in lower frequency band of interest (f < 5 THz) with electric voltage biasing on 
graphene film. The accuracy of the model is the sum of the two parts of the conductivity, 
 
σ = 𝜎𝑖𝑛𝑡𝑟𝑎  +  𝜎𝑖𝑛𝑡𝑒𝑟 (1) 
 
σ𝑖𝑛𝑡𝑟𝑎(ω, μc, γ, T) =
e2kBTτ
πħ2
[
µc
kBT
+ 2 ln (e
−µc
kBT + 1)]
1
ω−j2γ
  (2) 
 
σinter(ω, μc, γ, T) =
−je2
4πh
ln (
2│μc│−(ω−j2γ)h
2│μc│+(ω−j2γ)h
   (3) 
 
where ω is the frequency in rad / s, 𝛾  is the scattering rate, 𝜇𝑐   is the Chemical potential (eV), T is  
the Temperature (K), e = Electron charge, ћ is the reduced Planck’s constant, and 𝑘𝐵  is the Boltzmann 
constant.  
The chemical potential 𝛍c is depend on the carrier density n (m-2) 
 
𝜇𝑐 =  𝜐𝑓ħ √𝑛𝜋  (4) 
 
where vf = 1x 10
6 represents the Fermi velocity of the graphene. The n value can be modified via by electric 
field effect. 
 
𝑛 =
𝜀𝑜𝜀𝑉𝑏
𝑑𝑞
  (5) 
 
where εo is the free space permittivity of (F/m), Vb = voltage bias (V), d is the height of the dielectric material 
(m) and ε represent the dielectric material relative permittivity between the graphene sheet and back  
gate material. 
 The equation for the dispersion of the SPP present in (6): 
 
√𝑛2 − 𝑛𝑒𝑓𝑓
2 + 𝑛2√𝑛2 − 𝑛𝑒𝑓𝑓
2 +
4𝜋
𝑐
𝜎𝜔√1 − 𝑛𝑒𝑓𝑓
2 √𝑛2 − 𝑛𝑒𝑓𝑓      
2 =0  (6) 
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where neff = complex propagation index, n = refraction index of substrate, kSPP = neff × ω/c. Surface 
impedance of the graphene can be determined, 
 
𝑍𝑆=1 𝜎(𝜔)   ⁄
= 𝑅𝑆 + 𝑗 𝑋𝑆 (7) 
 
the propagation constant of SPP wave can be given by: 
 
kSPP = k0(neff) (8) 
 
where k0 = 2π/λ0   is the wave number of the free space and neff represents   the SPP modes complex effective 
index. The resonant length L1 is half of surface plasmon polariton wavelength λSPP. 
 
λSPP = 2π/Re {kSPP } (9) 
 
 
3. PLASMONIC GRAPHENE-BASED ANTENNA DESIGN 
 The plasmonic antennas provide higher wave vector than normal PEC antennas, thus the electrical 
size of the plasmonic nanoantenna is much more than the phsyiscal size. This is the major difference between 
plasmonic and classical metal antennas. The SSP characteristics apear in nobel metal such as gold and silver 
in optical resonances in the visible and near-infrared region due to the resonant response of their free 
electrons to the electric field of light. Metal materials, (gold or silver) is a non-plasmonic in the terahertz 
frequency band. While SPP behavior appears in graphene in low part of the terahertz band. 
The proposed graphene plasmonic antenna is simulated by using CST software using waveguide 
port excitation. The substrate thickness is 25 nm of Sio2 with εr = 3.9. The dielectric substrate is mounted 
between the graphene patch and ground plane. The thickness of the graphene is 0.34 nm. The structre of  
the designed antenna 3D & 2D is shown in Figure 1. Table 1 shows the dimensions of the proposed antenna. 
 
 
  
 
(a) 
 
(b) 
 
Figure 1. Plasmonic patch graphene-based antenna: (a) 3D, (b) 2D 
 
 
Table 1. The dimensions of the microstrip antenna 
L1 (um) L2 (um) W1 (um) W2 (um) 
158.93 52.6 115.06 57.53 
 
 
4. RESULTS AND DISCUSSION 
The graphene patch antenna is printed on the Sio2 substrate material and ground plane. Figure 2 
shows the reflection coefficients of the on graphene-based antenna for 𝛍c = 0.5 in THz. This figure shows 
that the antenna operating frequency band from 0.1 to 20 THz and the resonant frequency is 3.5 THz.  
The simulation results reveal that S11 is about -48 dB at the center frequency. Figure 3 shows the gain of  
the proposed antenna at the frequency band (0.1-20) THz. The antenna has good gain at this frequency band. 
Gain at this frequency is equal to 7.53 dB. Radiation patterns of the based antenna at (F =0.55, 1, 2, 5.05, 8) 
THz is shown in Figures 4-9. 
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Figure 2. Return loss for graphene antenna 
 
 
 
 
Figure 3. Gain of the proposed antenna 
 
 
 
 
Figure 4. Radiation pattern of the antenna at 0.55 THz 
 
 
 
 
 Figure 5. Radiation pattern of the antenna at 1 THz  
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Figure 6. The radiation pattern of the antenna at 2 THz 
 
 
 
 
Figure 7. The radiation patterns of the antenna at 5.05 THz 
 
 
 
 
Figure 8. The radiation patterns of the antenna at 8 THz 
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Figure 9. The radiation patterns of the antenna at 10 THz 
 
 
5. CONCLUSION 
This work presents the plasmonic graphene-based antenna, with their main performance are 
demonstrated in full wave simulations. Graphene supports SPP waves in the lower THz region of  
the electromagnetic spectrum but not the infrared band. The designed antenna bandwidth is about  
0.1-20 THz. Furthermore, the simulation results reveal that the gain of the antenna is about 12-25 dB  
at this frequency band. The obtained gain is high which makes the antenna promising for  
communication systems. 
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